INTRODUCTION {#sec1-1}
============

Gentianae macrophyllae Radix, also known as Qinjiao in Chinese, has long been used as an important herb in traditional Chinese medicine. According to Chinese Pharmacopeia (2015, 1^st^ volume), it consists of the dried root of *Gentiana macrophylla* Pall, *Gentiana straminea* Maxim, *Gentiana crassicaulis* Duthie ex Burk(Cujingqinjiao) and *Gentiana dahurica* Fisch.\[[@ref1]\] Among these species, Cujingqinjiao was known for best quality and was officially listed in the Chinese Pharmacopoeia under the name Radix *Gentianae Macrophyllae* and have been frequently used to dispel rheumatism and ease pain.\[[@ref2][@ref3]\] Cujingqinjiao was widely distributed in the cold region of southeastern Tibet, northwest Yunnan, northwest Sichuan and Guizhou, southeastern Qinghai and southern Gansu.\[[@ref4]\] Especially, the products from Yunnan, were regarded as higher quality than others, and was widely cultivated in Lijiang City of Yunnan Province as raw material of Radix *Gentianae Macrophyllae* due to the high demand of this herbal medicine.\[[@ref5][@ref6][@ref7]\] The cultivated environment could seriously influence the content of the active components and yield of Chinese herbs,\[[@ref8]\] However, for a long time, there has been no comprehensive method for the quality control of Cujingqinjiao from the genuine production area of Lijiang, which has seriously affected the development and exchange of Cujingqinjiao.

Cujingqinjiao contained a variety of chemical components, which mainly included iridoid glycoside, triterpene, sterol, flavonoids, and phenolic acids. Iridoid glycosides acknowledged to be the principal bioactive components, which include gentiopicroside (GT), loganic acid (LA), swertiamarin (ST) and sweroside (SS).\[[@ref9][@ref10][@ref11]\] Comparison of the active components among different Cujingqinjiao represented a good method to achieve standardisation and quality control of them. However, it was insufficient to determine merely one or two markers for completely evaluating the inner quality of Cujingqinjiao. Therefore, a comprehensive and systematic standard for the quality assessment of Cujingqinjiao is imperative. Chromatographic fingerprinting analysis was one of the effective methods, which had been used for identification and assessment of the stability of Radix *Gentianae Macrophyllae* from *G. macrophylla*, *G. straminea* and Cujingqinjiao.\[[@ref12][@ref13][@ref14][@ref15][@ref16]\] Moreover, it had been used to comparative analysis of Radix *Gentianae Macrophyllae* and their related substitutes.\[[@ref17]\] But, a comparison of fingerprints for the further assessment of Cujingqinjiao from the same origin had not been reported under the same chromatographic conditions.

In order to develop a direct, rapid and reliable method for quantitative analysis and evaluation the quality of Cujingqinjiao comprehensively, in this study, we developed an optimized HPLC chromatographic fingerprint method to make a holistic and detailed comparison of the Cujingqinjiao samples; meanwhile, the contents of the major constituents (total iridoid glycosides including loganic acid, swertiamarin, gentiopicroside and sweroside) in all of the samples were simultaneously determined by HPLC quantitative analysis. According to the characteristic of common peaks in fingerprint chromatograms the SA, HCA, PCA and FA were performed to classify the samples.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials and Reagents {#sec2-1}
----------------------

Twenty-one batches of samples of roots of Cujingqinjiao \[[Table 1](#T1){ref-type="table"}\] were collected from Lijiang City, Yunnan Province of China. The roots were washed with distilled water, dried at 45°C and powdered to homogeneous size. The samples were identified by Professor Xing-fu Chen, College of Agronomy, Sichuan Agriculture University.

###### 

Sources of Cujingqinjiao samples
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Standard substances of swertiamarin and gentiopicroside were purchased from the Must Bio-Technology Co.Ltd (Chengdu, China), loganic acid was obtained from the Food and Drug Verification Research Institute of China (Beijing, China), sweroside was obtained from the China Pharmaceutical Biological Products Analysis Institute (Beijing, China), HPLC grade methanol and phosphoric acid were purchased from Kelong Chemical Factory (Chengdu, China), water was generated from a Millipore ultrapure water system.

Methods {#sec2-2}
-------

### Preparation of solutions {#sec3-1}

Each powdered sample (0.500g) was accurately weighted in a stopped conical flask. 10 mL ethanol--water (1:3) was added, each sample was repeated three times. Then the mixture was supersonic extracted for 30 min, and then adjusted to the initial weight by adding ethanol--water (1:3) as per the requirement. The extracts were filtered through a syringe filter (0.45 μm) prior to HPLC analysis.

Stock solutions of the reference standards (loganic acid, swertiamarin, gentiopicroside, and sweroside) were prepared by accurately weighting and dissolving them in ethanol, and then a mixed stock solution was prepared. The mixed working standard solution was then diluted to appropriate concentration ranges for the establishment of calibration curves. These solutions were all stored at 4°C and brought to room temperature before use.

### Apparatus and chromatographic conditions {#sec3-2}

A Shimadzu Corporation (Japan) LC-2010A HPLC system with an UV detector was used to obtain HPLC fingerprints and quantitative chromatograms.

The chromatographic separation was carried out on a Sepax Gp-C~18~ column (150 mm × 4.6 mm, 5 μm; Promptar Co. Ltd, China) maintained at 25°C. The mobile phase was methanol (A) and 0.1% phosphoric acid aqueous solution (B) with a gradient program as follows: 0--35 min, linear gradient 0--15% A; 35--55 min, 15% A; 55--65 min, linear gradient 15--40% A and 65--90min, linear gradient 40--85% A. The flow rate was 1.0 mL.min^-1^. The UV absorbance was monitored at 254 nm. All injection volume of sample and standard solutions were 10 μL.

### Data analysis {#sec3-3}

Similarity tests were performed by the software named Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine (version 2004A), The HCA was conducted by SPSS19.0 software, PCA was performed on the common chromatographic peaks in the HPLC fingerprints using software of SIMCA-P11, and factor analysis was performed by SPSS19.0 software.

RESULTS AND DISCUSSION {#sec1-3}
======================

Optimization of extraction conditions {#sec2-3}
-------------------------------------

Extraction solvents (e.g., water, methanol and ethanol), solvent volumes (e.g., 10, 15 and 20 mL), extraction time (e.g., 20, 30, 40, and 50 min), were investigated to obtain the optimized extraction efficiency. The results showed that ethanol--water (6:4) was the most effective solvent for extracting chemical markers. 10 mL solvent volume, extraction for 30 min was the appropriate condition.

Optimization of HPLC conditions {#sec2-4}
-------------------------------

Based on the previously known procedure,\[[@ref18][@ref19]\] the combination of different mobile phase solvents (acetonitrile-water and methanol-water with different modifiers, including phosphoric acid and acetic acid) were used. Column temperatures (20, 25 and 5°C) and wavelength (230, 254 and 270 nm) were examined and compared. The results showed that most components had adequate absorption and no interference at wavelength 254 nm; when water contained 0.1% phosphoric acid and methanol was selected as a mobile phase with a step-linear gradient, good resolution and symmetric peak shape were obtained. Moreover, column temperature maintained at 25 °C, flow rate set at 1 mL.min^-1^, injection volume of 10 μL could provide good resolution and acceptable peaks parameters. Representative HPLC profiles for the active components were well separated and shown in [Figure 1](#F2){ref-type="fig"}, the peaks 17, 19, 21 and 24 were loganic acid, swertiamarin, gentiopicroside, and sweroside, respectively.

![Sample of Cujingqinjiao, peaks 17, 19, 21 and 24 were loganic acid, swertiamarin, gentiopicroside and sweroside.](PM-13-180-g004){#F2}

Method validation {#sec2-5}
-----------------

### Specificity {#sec3-4}

The specificity was evaluated by comparing the consistency of the retention time of each analyte between a sample and the corresponding reference standard. The integration peaks in the chromatogram of the sample solution were corresponding to the peaks in the chromatogram of the standard solution \[[Figure 1](#F2){ref-type="fig"}\].

### Linearity, repeatability, precision, accuracy, and stability {#sec3-5}

The calibration curves results were calculated and shown in [Table 2](#T2){ref-type="table"}. The four analytes had good linearity (*r*^2^ \> 0.999) in a wide range of concentrations. Precision, repeatability, and stability results were listed in [Table 2](#T2){ref-type="table"}. The RSD values of the four compounds were all less than 3.7%, which indicated that the system was excellent. The recovery of the method was in the range of 97.2--102.3%, with RSD less than 3.9% shown in [Table 2](#T2){ref-type="table"}. Seven injections of the same sample solution stored for 0, 2, 4, 6, 8, 10 and 12 h were processed for the evaluation of sample stability. RSD of peaks area were less than 3.0%, indicating that the sample solution was stable within the tested time period. Seven different solutions prepared from the same sample were analyzed to confirm the repeatability.

###### 

Calibration curves, precision, repeatability, and recoveries of four bioactive compounds in samples (*n* = 7)
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Contents of the four marker compounds in samples {#sec2-6}
------------------------------------------------

Iridoid glycosides exist widely in species of *Gentianaceae* and show a wide variety of biological activities.\[[@ref20]\] The developed analytical method was successfully applied to the simultaneous determination of the total iridoid glycosides (loganic acid, swertiamarin, gentiopicroside and sweroside) in all samples. Peaks in the chromatograms were identified by comparing the retention times with the standards.

[Table 3](#T3){ref-type="table"} shows the contents of the total iridoid glycosides in all samples, and the contents varied greatly among the different samples. Iridoid glycosides is the well-known major active constituents in *Gentian* root, and the pharmacological properties of *G. macrophylla* have been mainly attributed to these bioactive components.\[[@ref21]\] The content of total iridoid glycosides ranged from 3.25% to 7.91% with an average of 6.67%, sample 15 possessed the highest content of iridoid glycosides among all the samples. All the samples were qualified according to Chinese Pharmacopoeia, as their gentiopicroside content were above 2%. However, the content of total iridoid glycosides of samples1--15 (6.17--7.91%) was higher than samples16--21 (3.25--6.08%), revealing that the quality of samples 1--15 were better than that of samples 16--21.

###### 

The content of total iridoid glycosides in samples
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Establishment of chromatographic fingerprint of Cujingqinjiao and similarity analysis {#sec2-7}
-------------------------------------------------------------------------------------

The HPLC fingerprints of the twenty-one batches of Cujingqinjiao samples were also detected at the UV absorption of 254 nm, and grouped as in [Figure 2](#F3){ref-type="fig"}. Peaks existing in all chromatograms were assigned as "common peaks", 30 common characteristic peaks in the 21 chromatograms were selected. It was found that these samples had similar HPLC profiles. Similarity analysis was conducted based on the standard fingerprints, and the results were shown in [Table 4](#T4){ref-type="table"}. Four peaks were identified, cornpared with standard compounds, including loganic acid,\[[@ref17]\] swertiamarin,\[[@ref19]\] gentiopicroside,\[[@ref21]\] and sweroside.\[[@ref24]\] If the similarity value over a certain value were regarded as the threshold for qualification, it was easy to identify the qualified samples according to the chromatographic fingerprint. The similarity values of all Cujingqinjiao samples were more than 0.959, while some small differences existed. Similarity values of samples 1--15 (0.997--1.000) were higher than that of samples 16--21 (0.959--0.997). Moreover, the contents of total iridoid glycosides of samples 1--15 were higher than that of samples 16--21 \[[Table 3](#T3){ref-type="table"}\]. The results indicated that the samples had higher similarity values, showing the internal quality of them were better.

![Chromatographic fingerprints of all samples](PM-13-180-g007){#F3}

###### 

The similarities of chromatograms of samples
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HCA of the Cujingqinjiao samples {#sec2-8}
--------------------------------

Hierarchical cluster analysis (HCA) is a multivariate analysis technique that is used to sort samples into groups.\[[@ref22]\] Different samples of Cujingqinjiao were analyzed by using SPSS 19.0. HCA was carried out following the basis of thirty common peaks values of the HPLC fingerprints. A dendrogram was generated \[[Figure 3](#F4){ref-type="fig"}\], which revealed the relationship among the samples. The result showed clearly that these samples were classified into two quality clusters \[[Figure 3](#F4){ref-type="fig"}\]. Cluster I was formed by the samples 16--21, cluster II consisted of the samples 1--15. Samples 16--21 were classified into the same group, which might be mostly due to their similarity values were relatively lower than that of samples 1--15, and their content of total iridoid glycosides were also relatively lower than that of samples 1--15. According to [Figure 3](#F4){ref-type="fig"}, [Table 3](#T3){ref-type="table"} and [Table 4](#T4){ref-type="table"}, it could be revealed that samples with closer similarities had a shorter Squared Euclidean distance, as well, their contents of effective components were similar. It indicated that the results of HCA were consistent with those of quantitative analysis and SA.

![Dendrograms of cluster analysis for the samples](PM-13-180-g009){#F4}

Principal component analysis of the Cujingqinjiao samples {#sec2-9}
---------------------------------------------------------

Principal component analysis (PCA) was useful to study the relationships among the independent variables, which was used to separate inter-relationships into statistically independent,\[[@ref23]\] here PAC was performed by using SIMCA-P11.0 software. The full 21 × 30 auto scaled data matrix was subjected to PCA analysis. The first principal component and the second principal component described 85.76 % and 4.00 % of the variability in the original observations, respectively. The first two principal components explained more than 89.00 % of the total variance \[[Figure 4](#F5){ref-type="fig"}\]. Therefore, the first two principal components concentrated the multidimensional information to classify the samples. According to the difference of the PC1 values, all the samples can be classified into two groups by the scatter plots of PCA, namely group I and group II, and the result was similar to that of HCA. Moreover, the contents of total iridoid glycosides from group II were higher than group I, indicating that the same group had similar internal quality. The result was corresponding with the SA and same to HCA. These results of PCA and HCA could be validated each other and provided more references for the quality evaluation of Cujingqinjiao.

![PCA scatter plot scores for the samples.](PM-13-180-g010){#F5}

Further factor analysis was performed by SPSS19.0 for the thirty common peaks area of all samples. Factoring types include canonical factor analysis (CFA), principal component analysis (PCA) and others. Here, PCA was employed as the method of FA. The factor analysis displayed the first seven principal components (F1, F2, F3, F4, F5, F6, and F7), were chosen as the representative, and they can explained 84.78 % information of 30 active constituents, the results are shown in [Table 5](#T5){ref-type="table"} (X represented the chromatographic peaks). Therefore, the seven variables could instead of the original thirty, and could be used for further quality assessment of all samples. According to the feature vector, the principal components could be severally expressed as follow:

F1=0.23ZX1 - 0.04ZX2 - ... + 0.08ZX30

F2=0.11ZX1 + 0.05ZX2 + ... + 0.16 ZXX30

F3=0.14ZX1 - 0.60ZX2 + ... - 0.31ZX30

(ZXi was the standardized value of the primary variables Xi)

###### 

Characteristic value, accumulated contribution and feature vector
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According to the variance contribution rate of each principal component to get the comprehensive evaluation function of principal values (F):

F=0.3454F1 + 0.1328F2 + 0.1072F3 + 0.0941F4 + 0.0688F5 + 0.0537F6 + 0.0459F7

According to the above function the comprehensive principal component value (F) of each sample were calculated and sequenced, results showed in [Table 6](#T6){ref-type="table"}. The result indicated that samples 1--15 were ranking well and samples 16--21 were poorly, it was consistent with that of the SA, HCA and PCA.

###### 

Comprehensive principal value and rank of samples
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CONCLUSION {#sec1-4}
==========

In this study, an HPLC method was developed for simultaneously quantifying total iridoid glycosides and investigating the variance of chemical components among different samples of Cujingqinjiao from Lijiang City of Yunnan province. The HPLC data showed that, twenty-one batches of samples could be classified into two groups. One consisted of samples 1--15, the other consisted of samples 16--21, which could reflect the quality differences of these samples to some extent. For total iridoid glycosides, samples1--15 were better than the samples 16--21. Meanwhile, similarity values of samples 1--15 (0.997--1.000) were higher than that of samples 16--21 (0.959--0.997), the comprehensive principal component values (F) of samples 1--15 (0.31--2.90) were higher than that of samples 16--21 (-2.09--0.70). It indicated that the results of multi-components quantitation analysis, SA, HCA and PCA were consistent. Thus, it is easy to evaluate and quality control of Cujingqinjiao and its related products based on the chromatographic fingerprint.

The results revealed that quantitation of pharmacologically active components combined with chromatographic fingerprints analysis using SA, HCA, PCA and FA offers an efficient method for monitoring consistency in the quality of Cujingqinjiao, and it had been produced desirable results with high consistency. A lot of references through fingerprint combined with clustering analysis and principal component analysis to identify species or origins of Chinese medicines were reported.\[[@ref24][@ref25][@ref26]\] However, it was difficult to classify the Cujingqinjiao samples that from same sources. This study provided an example for identification and quality evaluation by using a combination of HPLC fingerprint and quantitative analyses. The presented method suggested that the quality of different samples for sale was not consistent, and it might be helpful for discriminating Cujingqinjiao. Cujingqinjiao from Lijiang City of Yunnan province occupied an important place in *Gentiana* resource. Thus, it would be significant to classify and evaluate them.
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